The influence of ganglioside insertion into brain membranes on the rate of ganglioside degradation by membrane-bound sialidase.
Microsomal membranes isolated from calf brain contain a sialidase which cleaves ganglioside substrates naturally occurring within these membranes as well as exogenously added [3H]ganglioside GD1a. Micelles of [3H]ganglioside GD1a bind to the microsomal membranes in two steps. The first step, called adsorption, is fast and reversible by treatment with trypsin; the second step, called uptake, is slower and not reversible. The product of the enzymic degradation, [3H]ganglioside GM1, is exclusively located in the ganglioside pool taken up by the sialidase-bearing membranes, and not in the trypsin-releasable pool. Electron spin resonance (ESR) studies using a spin-labelled analogue of ganglioside GD1a indicate that the ganglioside uptake by microsomal membranes is accompanied by the disappearance of the micellar structure and by the 'dilution' of the probe molecules with membrane lipids. These findings suggest that exogenously added ganglioside substrate inserts into the microsomal membrane before it is recognized as substrate by the membrane-bound sialidase. Therefore, the influence of pH, ionic strength and membrane-fluidizing agents on the degradation rate measured with exogenous ganglioside GD1a does not only reflect kinetic parameters of the enzymic reaction itself but also the velocity of ganglioside insertion. Increasing ionic strength reduces the degradation rate. The acceleration of insertion with falling pH values shifts the measured pH optimum of the ganglioside degradation to lower values (pH 3.6) and masks the substantial residual sialidase activity at pH 5-7. The membrane-fluidizing alcohol n-hexanol greatly accelerates ganglioside insertion as well as ganglioside degradation. The latter was clearly demonstrated by studying the hydrolysis of endogenous ganglioside substrates, and is due to a decrease of the apparent Km value and an increase in the Vmax value. The Vmax value was also enhanced by freezing and thawing of the microsomal membranes.